. The maximal shift
These results are consistent with ERK1 cortical localiza-ERK1 lying downstream from MEK1. erk1 null aggregates were slightly larger and the chemotaxis defects tion being associated with its activation by MEK1. (Colocalization of ERK1 and MEK1 and ERK1 activity in the appeared to be less severe than in mek1 null cells, suggesting that MEK1 may have functions in addition to the strains expressing MEK1 mutants could not be examined, as we could not obtain stable transformants overactivation of ERK1.
We examined the subcellular localization of ERK1 in expressing both tagged proteins.) was constitutively cytosolic, and, in part, present in the and MEK1 deletion mutants showed that the two proteins interact through their N-terminal domains. In cortex of vegetative and unstimulated, aggregationcompetent cells (Figure 4C ), colocalizing with F-actin. In MEK1, the interacting domain is located within residues 58-148 (the deletion endpoints), whereas the interacting addition, MEK1 S444E,T448E was constitutively SUMOylated, and the level of modification did not increase in response region in MIP1 lies between residues 152 and 226 (data not shown). As depicted in Figure 5D , when FLAG-MEK1 to stimulation, although it decreased slightly at later times ( Figure 4B ). These results suggest that activation was coexpressed with myc-MIP1, both proteins coimmunoprecipitated, indicating that they interact in vivo. of MEK1 is linked to its SUMOylation.
The Previous studies demonstrated that Dictyostelium When Western blots of immunoprecipitated FLAG-MEK1 is required for proper aggregation, morphogene-MEK1 were subjected to the long exposures, in addition sis, and chemotaxis (Ma et al., 1997). In this manuscript, to the ‫09ف‬ kDa SUMOylated MEK1 band, we observed we have further defined the mek1 null cell chemotaxis a higher molecular weight "smear" containing MEK1 defect, demonstrating quantitatively that these cells exwhich was more prominent at later time points (3-30 hibit reduced polarity, produce a high frequency of min) after chemoattractant stimulation (data not shown). changes in direction, and move slowly compared to The pattern suggested that MEK1 might also be ubiquitiwild-type cells under our experimental conditions. Furnated. When Western blots were probed with an antithermore, we find that the Dictyostelium MAP kinase ubiquitin antibody, we observed a smear, indicating ERK1 lies downstream from MEK1 to control MEK1-these slower mobility isoforms represent polyubiquitimediated pathways. ERK1 is rapidly and transiently actinated MEK1 ( Figure 6E) . In contrast to the very rapid vated in response to chemoattractant stimulation and kinetics of MEK1 SUMOylation, the kinetics of MEK1 is dependent on MEK1 function. The fact that ERK1 ubiquitination, as determined by the appearance of polyactivity is maximal at the 15 s time point and then rapidly ubiquitinated MEK1, are extended, with the levels being decreases suggests that this MAP kinase pathway funchighest at later time points when MEK1 is lost from the tions in the initial stages of responses to chemoattracplasma membrane and reaccumulates in the nucleus. 
, 2001). In shown). Analysis of cells expressing MEK1
K105R suggests S. cerevisiae, the most prominent substrates for SUMO that ubiquitin is attached to lysine residues other than conjugation are the Septins, cytoskeletal GTP binding K105R, although we can not exclude the possibility that proteins, which are required for bud growth and cytokiLys105 may also be a site of ubiquitination. Our results nesis, and localize to a ring at the bud neck during demonstrate that K105R SUMOylation is not required mitosis (Johnson and Blobel, 1999). to trigger MEK1 ubiquitination, and MEK1 ubiquitination We demonstrate that MEK1 is modified by SUMOyladoes not require MEK1 activation (i.e., in mek1 null cells tion in response to chemoattractant stimulation with kinetics that are coincident with MEK1's translocation expressing MEK1 S444A,T448A ). We further demonstrate that MEK1 S444A,T448A , which and also localizes to the cell's cortex. As some MEK1 is cytoplasmic in unstimulated cells, we cannot exclude cannot be activated, is not SUMOylated and remains nuclear, whereas constitutively active MEK1 S444E,T448E is the possibility that part of the MEK1 that localizes to the cortex comes from this cytoplasmic pool. Although found predominantly in the cytosol and on the plasma membrane, even in vegetative and aggregation-compethe mechanism of MEK1 inactivation is unknown, the observation that constitutively active MEK1 development and chemotaxis in Dictyostelium is regu-
